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Abstract 
Today, electricity has an important place in all countries so that growth and progress of a country without any 
consideration of producing electricity to the optimum seems impossible. 
So far, fossil fuels were important energy sources, but uncontrolled use of these resources and their restriction has 
caused man looking for new forms of energy. Natural renewable energies in order of frequency are: Solar energy, 
wind energy, water energy, geothermal energy, nuclear energy, biogas energy, biomass energy or bio fuels, 
hydrogen and fuel cell energy. Ease of obtaining hydrogen from water and abundance of this element and its 
environment-friendly characteristics are features that will distinguish this element from other elements of 
alternative energy. Fuel cells are used to produce electricity and heat with electrochemical method, simultaneously. 
Undoubtedly in the future, Hydrogen and employing the power of this element are placed in first priority. In the 
current situation, optimal use of fossil fuels, reduction of serious consumption of this product and production of 
petrochemical products, are the solutions that can replace new energy with fossil fuels. This article explains 
characteristics of fuel cell, its application and the importance of using this technology in various industries. 
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1.Introduction 
According to the growth rate, the world population will reach seven billion early this century. 
However, conventional energy sources may end due to their uncontrolled consumption.The Use of 
nuclear energy the sources of which are limited, requires the training of skilled technicians and use of 
advanced protection system against radioactive waste. It is predicted that solar energy and other non-
conventional energy resources will occupy a special place in the next century energy supply. The use 
of fuel cells is one of the innovative ways  and its technology has developed greatly in recent decades 
in terms of new replcement of energy. This method is called reverse electrolysis. Price of fuel energies, 
are harmful environmental factors in using of nuclear energy and coal and restricted nature and 
nonrenewable conventional fuels,are reasons that caused extensive researches in finding new energy 
resources. These resources should have desirable characteristics that include: 
•  Easy access 
•  Renewability 
•  Environmen-friendly 
•  High Efficiency 
•  low price 
•  Easy storage 
•  Displacement and ability to economical transfer  
•  social adjustment 
According to forecasts done by the Institute of Engineering and Germany energy technology the 
average rate of energy demand will increase from 10,000 billion kilowatt hours to more than 425,000 
billion kilowatt hours in 2050 and in the same period in 2000, the share of new energy sources and 
hydrogen amounts will increase from 10,000 billion kilowatt hours  to about 355,000 billion kilowatt 
hours and the share of fossil fuels and hydroelectric plants will decrease from 90,000 billion kilowatt 
hours to less than 60,000. Therefore, sources that can meet the growing need for energy and don’t  
have the problems of fossil fuels are essential [1]. 
solar energy is one of the most stable and endless resources. The total annual amount of solar 
energy that reaches the earth is 3000 times as more than the world’s annual energy consumption. The 
distribution of energy sources to all over the world was not uniform but by changing them to second 
types of energies, we can send them to all parts of the world. With this in mind, if we wish the solar 
power plant to be one of the components of global energy markets, the second types of energy must 
necessarily be able to transfer it across so that by the bridge  of the second types of energy, the 
hydrogen, is dissolved. When hydrogen reacts with pure oxygen, a considerable amount of heat is 
released and environmental pollution is released. Hydrogen may seem more important if we know that 
the Sun, within a second, burns 400 million tons of hydrogen, which is more than eight times the 
annual energy that is used in the world. Currently approximately 77% of global production of 
Hydrogen is obtained from petrochemical industry, coal 18%, 4% from electrolysis of water and only 
1% is from other sources[1]. 
 Benefits such as possible long-term use, sustainable energy supply, global deployment and 
pollution-free characteristics give the best chance to Hydrogen to become a fuel and offers too cheap 
an energy carrier. Apart from electricity, no other form of energy has ability to produce, distribute and 
transfer as hydrogen. It can be produced from fossil, nuclear and renewable energy. Moreover 
hydrogen is liberal product of many industrial process and it is used as liquid and storage Gas and 
transmission energy to produce electricity, heat, fuel, combustible Gas Net or mixed natural gas.  
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2. History of fuel cells 
Although recently, fuel cell has been proposed as a strategy to produce electrical energy, but its 
history goes back to nineteenth century and the work of English scientist "Sir William grew". His first 
fuel cell was manufactured in 1839 with taking the pattern of water electrolysis reaction, the reverse 
reaction and in the presence of platinum catalyst. The term "fuel cell" was used in 1889 by Ludoyik 
mand and Charles Lenjer.  
They made fuel cell that would consume air and coal. In the early twentieth century, several 
attempts were made trying to develop the fuel cell but because of the lack of scientific understanding 
of the issue, they failed. Interest in using of fuel cell with the  discovery of  cheap fossil fuels and 
common steam engines were reduced[2]. 
Another chapter of history of fuel cell research was done by Francis Bacon from Cambridge 
University. In 1932, he made many reforms on machine that were made by Mond and Lenjer. These 
reforms include replacing expensive platinum catalyst with nickel and also use of alkaline 
Hydrvksydptasym instead of sulfuric acid due to its non-oxidant characteristic. This invention  that 
was the first alkaline fuel cell, was called "Bacon Cell". He has continued his research for 27 years 
until he  could  provide a full and efficient fuel cell. In 1959, Bikowen could produce fuel cell with 5 
kilowatts, which could  provide power to  a welding machine. New research in this field, since the 
early decades of the 60th year, was launched with peak activity measured by man to conquer space. 
NASA research center was seeking power for space flights with passengers. NASA after rejecting the 
available options such as battery (due to weight), solar energy (due to high cost) and nuclear energy 
(due to high risk), selected the fuel cell. Research in this field was led to the production of polymer 
fuel by General Electric Co. United States used fuel cell technology in the Gemini space program as 
the first commercial application of fuel cell [3]. 
 Perth and Whitney both manufacturer of aircraft were used alkaline fuel cell engines Bacon to loss 
weight and increased longevity, and modify it to work on the Apollo space program. In both projects 
fuel cell were used as a source of electrical energy for spacecraft. But in Apollo project,fuel cells had 
to produce drinking water as well for the astronauts. After application of fuel cells in these projects, 
governments and companies increasingly demonstrated to this new technology as a suitable source of 
clean energy production in the future. Since 1970, fuel cell technology was developed for terrestrial 
systems. Since 1973-1979, oil embargo led to intensified efforts of U.S. government and researchers in 
developing a technology to cut dependence on oil imports. During the 80s, researchers’ efforts were 
based on the preparation of required materials, appropriate fuel selection and cost reduction. In 
addition, the first commercial product to provide automotive driveline was presented by the company 
Blard in 1993. 
3. Recognition of fuel cells 
Fuel cell is a kind of electrochemical cell, which directly converts chemical energy from the 
reaction to electrical energy. Structure and main body of the fuel cell are made  of electrolyte, anode 
electrode and cathode electrode. Overall view of a fuel cell with reactant and production gases and 
direction of motion of ions are presented in the shape of (1) : 
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Fig. 1. Overview of the fuel cell 
Fuel cell is an energy conversion device that has the capability to produce electrical energy 
theoretically until the oxidizing agent and fuel is supplied to the electrodes. However depreciation, 
corrosion and bad acting component, decreases the lifetime of fuel cell. In a fuel cell, fuel continuously 
is injected to the anode electrode and oxygen to the cathode electrode and electrochemical reactions  
are made on electrodes and electrical flows are established by creating an electric potential. Although 
fuel cell has similar components and characteristics to a battery, but in many ways it is different. 
Battery is an energy storage device and most of the energy extracted of it, is determined by the rate of 
chemical reaction  which is stored in the battery (typically in the electrodes). If the reactant material in 
the battery is completely consumed, production of electrical energy will stop (battery is discharged). In 
second-generation batteries reactive material by recharge is revived, which this practice requires an 
energy supplied from an external source. In this case, the electrical energy stored in batteries would be 
limited and depended on the rate of reaction of the material. Oxidizing gas such as air or pure oxygen 
in the cathode electrode will flow through the page connected to the electrolyte. With the 
electrochemical oxidation of hydrogen and the revival of the oxidant, gas power will turn to electricity 
[3]. 
3.1. Fuel cell fuels 
Theoretically, any Substance that can form chemical oxidation which are injected continuously (as 
fluid) to the fuel cell could be used as fuel in the fuel cell anode electrode. Hydrogen gas due to high 
tendency of voters reaction with high energy density was used as an ideal fuel in fuel cell. Hydrogen 
can be produced by converting Hydrocarbons through a catalytic reaction and  can be stored in various 
forms. Oxygen required in the fuel cell is supplied directly from the air. On the surface of the anode 
and cathode electrodes of fuel cell, oxidation reactions and three-phase resuscitation area  (in case of a 
solid two-phase electrolyte) occurs near the interface reactant, catalyst and electrolyte. This three-
phase area has an important role in the performance of electrochemical fuel cell, especially fuel cells 
with liquid electrolyte. In such fuel cells, reactive gases pass through a thin layer of electrolyte which 
covers the surface of porous electrodes and the appropriate electrochemical reaction on relevant 
electrode surface is made. If the porous electrode contains excessive amounts of electrolyte, electrode 
is flooded and thus transporting of gas reaction in the electrolyte solution is limited to reactive places. 
1092  Masoud Pourbaba and Sohrab Zirakkar / Procedia Engineering 21 (2011) 1088 – 1095Masoud Pourbaba and Sohrab Zirakkar / Procedia Engineering 00 (2011) 000–000 
Thus, electrochemical performance of porous electrodes is weakening, therefore it is necessary that 
the structure of porous electrodes occurs of a proper balance between electrode, electrolyte and gas 
phase [4]. 
Recent efforts are focused on improving the electrochemical reaction yield, reducing production 
costs, reducing the thickness of fuel cell components and improving the structure of electrodes and 
electrolyte phase as well. Electrolyte is caused to complete fuel cell electric circuit by leading ions 
between the electrodes. Electrolyte creates a physical barrier between fuel and oxygen gas and 
prevents the direct incorporation. The rols of porous electrode plates on fuel cell are as follows: 
• 1. Creating an active and appropriate surface on which the electrochemical reactions are done. 
• 2. Leading ions from reactions to inside or outside of the exchange three-phase area and transfering 
electrons to external circuit.(Electrodes must have good electrical conductivity) 
To increase the contact of reactants with the catalyst,it is necessary electrode structure was porous 
and availability of surface and covered by the catalyst to the electrode volume is high. Porous structure, 
provides convenient access of the reactive components to the active centers. Electrochemical reaction 
rate increases with increasing temperature, therefore, catalytic electrodes property in low temperature 
fuel cells have more importance in comparison with high temperature fuel cell. Porous electrodes 
should be permeable in both sides of contact with electrolyte and reactant gases until it aren’t saturated 
by the electrolyte and not dry by reactant gases [4]. 
3.2. Benefits of fuel cell 
Fuel cell eliminates pollution from burning fossil fuels and the only byproduct of fuel cell is water. 
If the consumption Hydrogen from electrolysis is water, the emission of greenhouse gases reaches zero. 
Due to the absence of dependent conventional fossil fuels such as gasoline and oil, economic 
dependence will be eliminated in the economics of unstable countries. By installing small fuel cell 
power plant, decentralized power network is extended. Fuel cell has a higher efficiency rate than that 
of conventional fossil fuels like oil and gasoline. Hydrogen is produced in any place of power and 
water. Therefore, potential fuel production will be decentralized. Most fuel cells are very Silent  in 
comparison with conventional engines. Transfer of heat is very low from low temperature cell, so its 
use would be appropriate for military applications. The period of their performance is much longer 
than conventional batteries, only by doubling the fuel can make double the performance of time and no 
need to be doubling their cell. Refueling of fuel cell is easily possible and it does not effect on memory. 
Due to lack of moving parts, their maintenance are very simple. Installation and operation of the fuel 
cell is so simple and econemical. Fuel cell are modular means it can easily increase the capability of 
production. This generators have capability of producing electricity and heat ,simultaneously. There 
are possibility of using renewable fuels and clean fossil fuels in them that are connected to micro-
turbines. Fuel cell answers to changes in charge. fuel cell has a possibility to produce electricity with 
high quality. 
3.3. Disadvantages of fuel cell 
The main problem of fuel cells are, refueling of fuel cell. Production, transmission, distribution and 
storage due to lack of proper infrastructure are difficult. Conversion of hydrocarbons to hydrogen 
converter is still facing with challenges and technology yet not entirely clear. The range of fuel cell 
vehicles are Shorter and refueling time, and start hitting of them are longer than conventional vehicles. 
Fuel cells are heavier than conventional batteries and researchers are seeking to reduce its 
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weight.Production of fuel cell, due to lack of production line, is still expensive. Some fuel cells use 
expensive materials. This technology is still quite underdeveloped and a bit of its products is available. 
3.4. Types of fuel cell 
Table 1. Types and characteristics of each fuel cell are shown in below 
 
 Phosphoric acid fuel cell is reached the highest commercial level among other types and and for 
hospitals, hotels, schools, airports and power plants are used with more than 40% efficiency. It is worth 
mentioning that the internal combustion engines have a maximum of 30% efficiency. In the groups of 
cars, this type of cell is adequate to the buses and minibuses [2]. 
Among the fuel cells,fuel cell with alkaline electrodes are the most advanced types of fuel cells and 
it works with more than 70% efficiency. The advantages of this type of cell can be noted as the high 
efficiency and use of electro catalysts with high activity. In addition, low temperature performance in 
this cell type has made its use so simple. Using pure hydrogen in the fuel cell is the main problem of 
this type. If fuel has co2,the production of carbon undermines the efficiency of the electrolytic cell. 
Necessarily, in alkaline systems, we should use pure hydrogen with a high price. So the application of 
this type of cell is restricted to programs with specific purposes such as space and marine projects [2]. 
3.5. Fuel cell applications 
 The power of Fuel Cells varies from the limited Micro W needed in electronics to the Mega W 
used in the fuel cell power plants.Fuel cells were firs produced for spaceships but we have started to 
take advantage of them in several occasions. The Electric Vehicle Fuel Cell obtains its energy from the 
chemical reaction between Hydrogen and Oxygen. The efficiency of this vehicle is three times as 
strong compared to gas engines. In addition, the only substance produces in this reaction is water vapor 
which is harmless. Another usage of fuel cells is in the power plant system of railways.  The weak 
forms of fuel cells are produced for special military or spaceship project purposes. Different cameras, 
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tablets, vehicles, wheelchairs and military mobile electronics make use of these cells as well. The 
presence of a fuel cell in a power section turns it into a fuel cell power plant . The power plant 
dependant on the fuel cell technology has characteristics such as easy distribution, high efficiency and 
low pollution rate. A fuel cell power plant is composed of the following main sections: 
1. Power section which includes one or more fuel cells. 
2. Fuel processor which provides the fuel for the power section. 
3. Power management section which is responsible for turning the produced power into the desired 
power forms. 
4. Power Generation 
So far, several power generators have been employed in The US and Japan. The American company, 
Ballard, has sections with 250 KW ready for sale.  A French gas station has developed a hydrogen 
section which is able to provide the energy needed for a factory. These cells utilize fuels such as gas 
which are easy to use, efficient and produce just a little amount of carbon dioxide (a hundred times less 
than the amount produces by classical power plants). These generators are subjects of interest for the 
contraries facing constant power loss that causes problems for them and the companies that don’t wish 
to stay dependent on Fossil Fuels. These sections will also be profitable for factories and centers with 
difficult access to power system [5]. 
 With the introduction of Proton conductors to the market, some companies have produces small 
generators like refrigerators in size and a power generation of around 10 to 50 KW which are capable 
of providing the whole electricity needed for a house or an office. These productions will be released 
soon. They can also be employed as weak hydrogen cells equal to classic accumulators. Hydrogen and 
fuels cells are used in tablets and cell phones due to their high cost. They are very light (A thin 
electrode layer, electrolyte, and electrode to produce 1W), are easily rechargeable, and are much more 
lasting compared to the same weight classic accumulators. The only problem is their unavailability [5]. 
 Some are appropriate for laptops, tablets and video cameras. Hydrogen and Methane fuel cells are 
employed by cell phone manufacturers like Motorola  since 2000. Hydrogen cells that produce 10 W 
with power of 2 A, cost 600$. These cells are also used in power generating in emergency situations. 
H2 store houses are available in the bottle shape with a 28700 gas capacity that weigh 1 to 15 Kg [5].  
5. Conclusion 
Fuel cells are the most appropriate method of power generation due to their high efficiency and 
nature – friendly characteristics. This method turns 85% of chemical energy to electricity. Considering 
both the thermal and electrical efficiency, fuel cells are 70% to75% efficient. Extensive use of this 
technology is part of energy politics in advanced countries and fuel cell production is of prior 
importance in development plans all over the world. In order to avoid a technology gap, our country 
wishes to employ this technology as well.  
Due to the unique characteristics of fuel cells and the situation of our country, Iran has put great 
emphasis in obtaining, designing and producing this technology. 
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